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@ Optical fiber aliflnment techniquea 

@ A aubetrate (10) is formed haying first and 
eecond oppostte flat ' aurfsoes. Ptioto- 
lithographlc ma^ng (14) and etching Is used to 
form on the first surface of the substrate at least 
one lens (25) having a central axis. Photo- 
lithographic masldng (15) and etching is also 
used to fonn on the second surfece of the 
substrate an optical fiber guide (23). The fiber 
guide is then used to mount an optical fiber (27) 
on the second surface of the substrate such that 
the central axis of the optical fiber is substan- 
tially coincident with the central axis of the lens, 
thereby giving the desired alignment 

Another embodiment in which a single micro- 
lens (30) has been formed on one side of a glass 
substrate (31), and a cylindrical alignment pin 
(32) has been fonned t)y nnasking and etohing 
on the opposite surface of substrata (31). The 
al^nment pin (32) Is preferably made by maslc- 
ing and etching using a mask that has bean 
aligned with the mask used for fomnhg mtero- 
iens (30). as discussed above. The alignment 
pin may have approximately the same diameter 
as an optical fiber to be aligned with the micro- 
lens. An optical fiber (33) to be aligned Is sur- 
rounded by an annular rigid ferrule (34), whtoh 
has been wade to overiap slightly one end of 
the optical fiber (33). This overlapping fonris a 
cytlndrical aperture Into whrch cylindrical align- 
ment pin (32) can b inserted as shown. Thus, 
th end of th optical fiber (33) is placed snugly 
against a surface of substrata (31) for optimum 
optteai coupling with microl ns (30). and may 
b pemnanently fixed by poxy. 
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Technical Fl id 

This Invention relates to optical fiber alignment 
techniques and. wore particularly, to nnethods for 
aligning optical fibers with nfiicrolenses. s 

Background of the Invention 

The U.S. patent of A. Y Feldblum et al.. No. 
5,266.338, hereby Incorporated herein by reference. io 
describes methods for making a microlens an^y on 
one flat surface of a silica substrate. The application 
points out that such arrays are usef id, for exampi e, for 
coupling light to and from optical fiber bundles of the 
type described in the U.S. patent of Basavanhally, is 
Na 5,135,590, grants August 4. 1992. 

According to the nrtethod, a matrix array of pho- 
toresist elements are defined on a silica substrate by 
photolithographic masking and etohing. The photore- 
sist elements are then melted to cause them to have 20 
curved or dome-shaped upper surfaces, and are 
thereafter solidified. The photoresist elements and 
the substrate are next subjected to reactive ion etch- 
ing, that is, Aching by a reactive gas in whteh the re- 
action is enhanced by appi led radio frequency power. 25 
The photoresist elements cause differential etohing 
in the substrate such that, after all of the photoresist 
has been etched away, the dome shapes of the orig- 
inal photoresist elements are replicated In the silica 
substrate. 30 

After a microiens array has been made, I have 
found that it is difficult to align ft with an optteai fiber 
bundle such that each microlens Is precisely properly 
aligned with the end of an optical fiber. Anotherprob- 
lem is that, if the substrate thtekness must always be $5 
smaller than the separatton of the lens from the fiber, . 
the substrate nnay be made so thin as to make the mi- 
crolens amay extremely fragile. Aligning optical fibera 
with lenses is also a problem in other photonics pack- 
ages, such as those in whteh a las^, lens and fiber 40 
must be aligned, or in a detector in which a photode- 
tector, lens and optical fiber must be mutually aligned. 

Summary of the Invention 

45 

In one embodiment of the invention, a substrate 
Is formed having first and second opposite flat surfac- 
es. Photolithographic masking and etohing Is used to 
form on the first surface of the substrate at least one 
lens having a central axis. Photolithographic masking so 
and etohing Is also used to form on the second sur- 
face of the substrate an optical fiber guide. The fiber 
guide, is then used to mount an optical fiber on the 
second surface of the substrate such that the central 
axis of the optical fiber is substentlally coincident with 55 
the central axis of the lens, thereby giving the desired 
alignment 

The optteal fiber gukie may. for example, be an 



aperture in the second surface of the substrate into 
which an optical fiber can snugly fit to give the desired 
al^nment The lens and th ap rture may ach be 
one of a matching matrix array. The mask used for 
masking and etching the first and second flat surfac- 
es can be aligned by using a light beam so that the ar- 
ray of lenses on the fir^ fiat surface is aligned after 
etching with the array of apertures on the second flat 
surface. One fiber of a bundle is nKHjnted in each 
aperture, thereby aligning the bundle of fibera with 
the microlens array. These and other objects, fea- 
tures and benefits of the invention will be better un- 
deretood from a consideration of the following de- 
tailed description taken in conjunction with the ac- 
company drawing. 

Brief Description of the Drawrlnfl 

FIGS. 1, 2, 3 and 4 ilhjstrate schematteaDy suc- 
cessive steps In making a microlens array in ac- 
cordance with an illustrative embodiment of th 
invention; 

FIG. 5 is a front view of the mterolens array of 
FIG. 4; 

FIG. 6 is a schematic view of a mterolens array of 
the type made by the process of FIGS. 1 through 
4 with an airay of optteal fibera mounted thmin; 
and 

FIG. 7 is a schematic view of an optksal device in 
accordance with another embodiment of the In- 
vention. 

Detailed Description 

The drawings are Intended to be schmnatic; they 
are not necessarily to scale, and in some cases are 
distorted to aid In clarity of exposition. FIGS. 1 -4 are 
side sectbnai views showing successive steges in 
the fabrication of a mioolerra array in accordance with 
an illustrative embodiment of the invention, while 
FIG. 5 Is a fragmenteryf ront viewof the microlens ar- 
ray of FIG. 4. Referring now to FIG. 1. there is shown 
a light transmisslve substrate 10, preferably of silicon 
or glass, covered on opposite skJes with photoresist 
layere 11 and 12. Amask 14 is used for defining a pat- 
tern in photoresist layer 11 , while a mask 15 Is used 
to define a pattern on photoresist layer 12. The con- 
figuration of the pattern of mask 14 is ^tended to be 
registered with that of mask 1 5, and. for this purpose, 
a light beam 16 is directed from a light source 17 to- 
ward a photodetector 18. As Is described In detail in 
the patent of Harvey et al., No, 4,835,076, granted 
May 30, 1989. incorporated herein by reference, by 
providing an appropriate zone plate 20 in mask 14 and 
a slot 21 in mask 15, one can us the light beam 16 
to align the masks 14 and 15 with respect to each 
other and consequently with respect to the glass sub- 
strate 10. As described in the Harvey et al. patent. 
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light beam 16 Is preferably only ne of three light 
beams used for alignment. 

As will be seen later, It is intended that mask 14 
defin amicrol ns array on one side of th substrate 
10, and that mask 16 define an array of apertures. 5 
each for holding an optical fiber in alignment with an 
opposite nrricrolens. Light Is dfrected through photo- 
masks 14 and 15 to expose layers 11 and 12 seleo- 
tiveiy to permit patterns to be formed In the photore- 
sist It should be noted that the sequence of steps io 
need not necessarily be that which is described; rath- 
er, processing of one skJe of the substrate 1 0 to follow 
complete prooessing of the other Me is nomially pre- 
ferred. 

Referring to FIG. 2, development of the photore- iS 
sist 11 yields an array of circular or cylindrical ele- 
ments 22 having the general shape of the lenses to 
be defined. Devek>pment of photoresist layer 12 
yields an array of circular apertures 23. each aligned 
with the central axis of one of the elements 22. 20 

Referring to RG. 3. the photoresist 12 acts as an 
etch mask to permit apertures 24 to be selectively 
etched into the substrate 10. the apertures 24 corre- 
sponding in location to the apertures 23 of FIG. 2. The 
photoresist elements 22 on the opposite surface of. 25 
substrate 10 are heated to their reflow temperature 
80 as to fomi a meniscus which, by surface tension, 
causes each element 22 to assume a dome shape. It 
nnay be desirable that during this step, the substrate 
1 0 be oriented in a horizontal position with the photo- so 
resist elements 22 on the top side so as to prevent any 
sagging due to gravity. Depending on the size of the 
elements and the nature of the photoresist used, this 
nnay not be necessary. As is described in more deteii 
in the aforementioned Feldblum et al. application, af- ss 
ter heating to form the meniscus, the photoresist ele- 
ments 22 are allowed to cod so that they constitute 
hard spherical elements on the surface of substrate 
10. 

Referring to FIG. 4. the surface of the substrate 40 
10 oontelning the photoresist eiemente 22 is subject- 
ed to reactive ton etching, which causes etching of the 
substrate 10 that is partially masked by photoresist 
elements 22 of FIG. 3. When the photoresist ele- 
ments 22 have been completely etohed away, the dif- 4S 
ferential etching of the substrate 10 yields a plurality 
of microlenses 25 on the surfece of the glass sub- 
strate 10. FIG. 5 is a front view showing the micro- 
lenses 25 arranged in a regular matrix configuration. 

As is described In the aforementioned Basavan- so 
hally patent, it Is importantforsome purposes that the 
ends of the optical f ibere of a bundle be arranged In 
a regular matrix configuration. Thus, referring to FIG. 
6, insertion of an optical fiber 27 into each of the aper- 
tures 24 of FIG. 4 allows the ends of the fibers 27 to ss 
be arranged in a matrix configuration on a common 
plane 28. Each of the optrcal fibers 27 is centered on 
a separate mrcrolens 25. By designing the mk;rolens- 



es 25 and th apertures 24 of FIG. 4 appropriately, 
ne can assure that plane 28 lies on the focal points 
of each of the microlenses 25, as is sometimes de- 
sired for maximum light coupling by a microl ns into 
an optical fiber 27. 

An advantege of the FIG. 5 structure is that the 
distence between the microlens array 25 and the 
ends of fibere 27 may be smaller than the thickness 
of the substrate. As a consequence, the substrate 1 0 
can be suffteientiy thick to be mechanicaity robust 
and reliable. Another advantage of course Is that the 
optical fibere 27 are each aligned on the central axis 
of a corresponding microlens 25; this alignment was 
assured by the alignment of the masks in FIG. 1. This 
avoids the need for complex structures to align th 
ends of an optical fiber bundle with the compon nt mi- 
crolenses of a microlens array, as would normcUly be 
required. 

As was mentioned in the Basavanhaily patent 
the optical fibere 27 may each have a dianrwter of one 
hundred twenty-five microns virith a center-to-cent r 
spacing of successive fiber ends of two hundred sbc- 
ty-two microns. With a silicon substrate 10. the sub- 
strate thtekness may be two millimetere and the focal 
length of each microlens may be 1.85 miiiimetera at 
1 .3 microns wavelength of infrared light The plastto 
photoresist elements 22 of FIG. 3 may themseh/es be 
used as lenses if made of a material that is appro- 
priately transmisslve of the light beam used, as Is 
known in the art The apertures 24 of FIG. 4 may each 
have a diameterat the bottom of one hundred twenty- 
seven microns, which may be made by reactive i n 
etohing with a fair degree of accuracy. It is pref rred 
that the diameterofthe surface end of each ap rture 
24 be one hundred thirty millimetere. which allows for 
tepering of the aperture for easier reception of the 
optical fiber. Afterthe fibere havebeen Inserted In the 
apertures, they may be held In plaoe by epoxy, as is 
known in the art. 

It is dear from the foregoing that the inv ntion 
can be used for aligning a single optical fiber 27 with 
a single microlens 25, as well as being used for micro- 
lens arrays. In this case, only a single aperture 24 
would be made at a locatton corresponding to the cen- 
tral axis of the corresponding microlens. Moreover, 
rather than an aperture, other forms of optical fiber 
guiding means may be defined by masking and toh- 
ing the sMe of the substrate opposite the microlens. 

FIG. 7 shows another embodiment In which a sin- 
gle microlens 30 has been fonned on one side of a 
glass substrate 31 , and a cylindrical alignment pin 32 
has been formed by masking and etohing on the op> 
posite surface of substrate 31. The alignment pin 32 
is preferably made by masking and etohing using a 
mask that has been aligned with the mask used for 
forming microlens 30, as discussed above. The align- 
ment pin may have approximately th same diameter 
as an optical fib rtob aligned with the microlens. An 
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optical fiber 33 to be aligned is surround d by an an- 
nular rigid femil 34, which has been niade to overlap 
slightly n nd of the optical fiber 33. This overlap- 
ping forms a cylindrical aperture into which cylindrical 
alignment pin 32 can be Inserted as shown. Thus, the 5 
end of the optical fiber 33 is placed snugly against a 
surface of substrate 31 for optinruim optical coupling 
with microlens 30, and may be permanently fixed by 
epG9cy. The interface of the optical fiber 33 and the 
substrate 31 may be located at the focal point of lens io 
30 for optimizing optical coupling. Ferrule 34 may be 
of ceramic or metal, as is known in the art 

An advantage of thte embodiment is that Is makes 
use of the optical fiber ferrule whic^ is nomially used 
for packaging purposes to strengthen and protect the is 
fiber. TTius, the embodinnent Is particularly useful In 
a laser source package in which a iaso; a lens and a 
fiber miist be mutually aligned, and in a detector pack- 
age in which a fiber, lens and photodetector must be 
properly aligned for maximum efficiency of optical 20 
transmission to the photodetector. Alternatively, of 
course, an aperture may be used to mount the optical 
fiber for use in such devices, as discussed above. 

The various embodiments described are only il- 
lustrative of the inventive concept For example, the 25 
substrates can be made of various light transmissive 
materials other than sll icon, sil ica or glass; such ma- 
trials include various light transmissive polymers. 
Various other embodiments and modifications may 
be made by those skilled in the art without departing 30 
from the spirit and scope of the invention. 



Claims 

35 

1. A method for nraking optical devices comprising 
the steps of^ 

forming of a light transmissive material a 
substrate (10) having first and second opposite 
flat surfaces; 40 

forming on the first surfece of the sub- 
strate at least one lens (25) having a central axis 
comprising the step of defining the lens by pho- 
tolithography masking and etching; 

fonming on the second surface of the sub- 49 
strate an optical fiber guide (24) comprising the 
step of defining the optical fiber guide by photo- 
lithographic masking and etching; and 

using the optical fiber guide to mount an 
optical fiber (27) on the second surface of the 50 
substrate such that the central axis of the optical 
fiber Is substantially coincident with the central 
axis of said lens. 

2. The method of daim 1 further comprising the 55 
steps f: 

using a first mask to define at least one 
lens region on the first sid of the substrate; 



using a second mask to define at least one 
OF^ cal fiber guld regton on the second surface 
of the substrate; 

and using a light beam diredied through 
portions of both the firet and second masks to 
align the fffst and second meraks. 

3. The method of daim 1 wherein: 

the optical fiber gukJe is an aperture (24) 
extending into the substrate, the aperture having 
a diameter approximately equal to the diam^of 
the optical fiber; 

and the mounting step comprises fitting 
one end of the optteal fiber (27) snugly within the 
aperture. 

4. The method of daim 1 wherein: 

the optical fiber guide is an alignment pin 
(32) extending from the substrate; 

and the step of mounting the optical fiber 
comprises the step of mounting the optical fiber 
within a ferrule (34) having a central opening, and 
projecting the alignment pin into the central operh 
ing of the ferrule. 

5. The meUiod of daim 4 wherein: 

the alignment pin is a cyiindrical portion 
(32) having approximately the same diameter as 
that of the optteal fiber. 

6. The method of daim 3 wherein: 

the lens has a focal point that lies between 
the first and second surfaces of the substrate; 

and the aperture extends from the second 
surface of the substrate to saki focal point (28), 
whereby the lens is capable of focusing light onto 
the mounted optical fiber. 

7. The method of daim 1 wherein: 

the lens has a focal point; 

and the optical fiber is mounted such that 
one end thereof is substantially perpendicular to 
the central axis and is substantially ooinddent 
with said focal point 

8. The nr>ethod of daim 1 further characterized by 
the steps of: 

using a first mask to define at les»t one 
lens region on the first side of the substrate; 

using a second mask to define at least one 
optical fiber guide region on the second surface 
of the substrate; 

and using the aligned position of the first 
mask with respect to the first surface to aid in 
aligning the second mask with th second sur- 
face. 

9. Them thod of daim 3 wherein: 
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the step of forming th lens oomprises the 
step of forming a matrix array of microl nses; 

the step of forming the aperture comprises 
the step of forming a matrix array of apertures, 
each aperture having a central axis substantlaily 
coincident with the central axis of a correspond- 
ing micioiens; 

and the mounting step comprises the step 
of mounting an optical fiber into each of the aper- 
tures. 

10. The method of claim 9 wherein: 

each of the microlensra has a focal point, 
ali of the focal points iying substantially on a com- 
mon plane; 

and the optical fibers are mounted such 
that one end of each fiber substantially lies on 
said common plane. 

20 
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